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Glass as a building materia 
The material has been used in buildings for centuries. The p r o d u c t i o n , t y p e s and s u r f a c e 
t r e a t m e n t of glass are explored as an introduction and as a basic knowledge for the study 
of this material. 
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Building science 
Though glass has the advantage of liberating the space by its unique transparent quality, 
it has its disadvantages. Moreover, as glass is used more widely and in larger dimensions, 
the disadventages becomes more obvious. To tackle with the weakness of glass, 
different technologies are used. The thermal i n s u l a t i o n , soloar r a d i a t i o n c o n t r o l , and 
s t r e n g t h e n i n g of glass are explored. 
Connection 
Glass are made in pieces in factories. Connectors have to be used in joining two pieces of 
glass. While at the same time, glass is transparent; the connectors are exposed. The con-
nections of glass develops to allow the use of larger piece of glass and better connections. 
By looking at the developments of glass b u i l d i n g s , the j o i n t s o f e c t e r n a l g l a z i n g s , the 
t r a n s f e r of load and the sealing of the edges are studied. 
w 
Modern glass buildings 
Glass becomes more and more widely used among architects owning to the effects that 
can be achieved by glass. Four buildings are selected for the different effects resulted from 
the use of glass: C a r t i e r F o u n d a t i o n by Jean Nouvel, Sendai M e d i a t h e q u e by Toyo 丨to, 
O-museum by SANNA, Galeries L a f a y e t t e by Jean Nouvel. 
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Facade study 
Among the precedents, different strategies are applied in the use of glass. The facade 
study aims to analyse the f u n c t i o n and the s p a t i a l e f f e c t s of different facade. 
Design effect study 
From the precedents, different effects are resulted from the use of glass. The effects are 
observed studied and simulated. The aim is to find out the parameters to c o n t r o l t h e 
e f f e c t s of glass. 
Glass as a building materia 
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Blown cylinder sheet glass 
1 st century AD 
The balloon was shaped into a cylinder as long and as thin-walled as possible b y b l o w i n g , 
s w i n g i n g and r o l l i n g it on a table, A dampened iron pin, later a diamond, was used to cut 
o f f b o t h e n d s and s l i t o p e n the stress- relieved, cooled cylinder lengthwise before it was 
reheated in the flattening furnace and bent into a f l a t pane. 
Limitations: the dimensions of cylinder is dependent on the ability of the blower. 
Maximum size: cylinder of 2m long, diameter 300mm 
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Church window in Florence 
Source: http://www.maths.adelaide.eclu.au/people/ 
ystokes/windows.html 
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Crown glass 
4th century AD 
The bubble of glass was stuck to the iron plate on the glass maker's iron rod and the cracked 
off. The hole was enlarged to form a rim. This bell-shaped object was again reheated and 
rotated at speed to f o r m a d i s c . As it was uneven, the glass maker cut the glass into 
smaller rectangles, rhombuses or hexagons depending on the quality. The thick centre and 
smaller panes were sold as bull's eye panes without being cut again. 
Advantage: it produce more even, purer and more lustrous surface as the glass d i d not 
come i n t o contact w i t h the r o u g h , hot f l o o r of the f u r n a c e . 
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Polished plate glass 
1687，the cast glass process 
The g l a s s m e l t was poured onto a smooth, preheated copper table and p r e s s e d i n t o a 
p a n e by a water-cooled metal roller. The thickness of the pane depended on the height of 
the surround. The pane was subsequently ground w i t h sand and water and p o l i s h e d 
with a paste made from iron oxide. 
Maximum size: 1.2 x 2m 
Advantage: productions of better quality with less manpower, leading to a r e d u c t i o n i n 
cost. 
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Float glass 
1955, float process 
Invention of float process by Sir Alastair Pilkington, the glass pane is formed by f l o a t i n g 
t h e m e l t on a b a t h of l i q u i d t i n , it revolutionized the manufacture of good-quality glass 
and large formats. 
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Float glass 
Production 
Thickness 
Max size 
Characteristic 
Float glass method 
2mm - 19mm 
3.2m X 6.0m 
the glass can be c o l o u r e d during the manufacturing 
process; the natural green tint can be reduce or even 
virtually eliminated by careful selection of raw material. 
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Patterned glass 
Melting tank Rollers to give 
glass its pattern 
Annealing lehr 
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Patterned or rolled glass 
Production 
Thickness 
Max size 
Characteristic 
by going through rollers which give t e x t u r e or p a t t e r n 
3mm - 10mm 
the glass can be given two smooth s u r f a c e s , one smooth 
and one t e x t u r e d s u r f a c e , or two t e x t u r e d s u r f a c e s 
depending on the design of the rollers; it is t r a n s l u c e n t it 
cannot reproduce the transparency of float glass. 
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Glass ceramics 
Production 
Thickness 
Max size 
Characteristic 
by float method, vertical method or horizontal 
method, rolled method 
3mm - 8 mm 
they are no longer glass as such but instead can exhibit 
a partial or omplete micro crystalline structure, while 
remaining perfectly t r a n s p a r e n t , they can be c o l o u r e d be 
by adding further substance. 
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Polished wired glass 
Production 
Thickness 
Max size 
Characteristic 
by casting and then polished; a spot welded w i r e m e s h is 
inserted during the manufacture; ali the nodes of the mesh 
are welded 
6mm and 10mm 
1650mm - 3820mm long x 1980mm wide 
the surfaces are p o l i s h e d and made parallel; it is n o t a 
s a f e t y g l a s s and possesses no safety properties. 
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The standard mettiod of Irtstaltation is based m the 
•push-in" principle, i.e. the channel shaped glass ete* 
merits are slipped into upper 50 mm deep frame pro-
file and adjusted via the 20 mm deep tower frame profile. 
B Single-skin "sheet piling*^ (internal 
The glass edge cover is: 
top 20 mm 
bottom ^ 12 mm 
i 
C Double-Skin 
The depti of constructkan depends on the type of dian-
net shaped glass selected. 
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Channel shaped glass 
Production 
Thickness 
Max size 
Characteristic 
by casting 
6mm and 10mm 
1650mm - 3820mm long x 1980mm wide 
it is a profiled glass element with textured surfaces： it has 
a U ' S h a p e and is supplied in long pieces; it is installed 
according to the "push-in" method 
27 
Glass block 
Production 
Size 
Characteristic 
after melting a quantity of glass and cooling it to approx. 
1200 C; it is subsequently moulded i n t o s h e l l s , two 
s h e l l s are p r e s s e d t o g e t h e r to form a block and reheated 
to fuse together; to make condensation impossible, further 
cooling bringing about a partial vacuum of 30% in the 
airtight internal void for an internal negative pressure, 
certain size in European standard EN 1051 
the two outer, exposed surfaces can be s m o o t h or 
t e x t u r e d : it can be c o l o u r e d . 
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Surface treatments 
29 
Coating 
Coatings can be applied to the o u t s i d e , the i n s i d e or between the panes depending 
on the type, structure or composition of the coating. Coatings are applied to i m p r o v e t h e 
s o l a r c o n t r o l . There are two types of coatings: online coating and offline coating. Online 
coating is processed during the production of glass，and the durability of such coating is 
roughly equal to that of a glass surface. Offline coating is a physical coating process after 
the production and cutting of glass. The durability depends on the type of materia! applied 
and have not yet reached that of float glass itself or online coatings. 
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Enamelling 
A coloured ceramic l a y e r is applied to the glass surface and then baked i n t o the glass 
during the manufacture of toughened or heat-strengthened glass. The layer of enamel can 
also be sprayed on or applied by silk-screen printing. 
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Acid etching 
The surfaces of the glass panes are given a m a t t f i n i s h , the degree of which is dependent 
on the length of time the acid is in contact with the surface. P a t t e r n s and p i c t u r e s can be 
etched into the surface by masking certain areas. The more intense the etching process, 
the greater is and roughness; and the t r a n s p a r e n c y d i m i n i s h e d as the roughness 
increases. 
32 
Sand blasting 
It is to achieve a matt f i n i s h . It roughens the glass s u r f a c e and the optica! effects are very 
similar to those obtained by way of acid etching. Sand blast panes become t r a n s l u c e n t 
and p a t t e r n s or p i c t u r e s can be included by masking certain areas. Moist surfaces and 
those which have been in contact with grease or cleaning agents can impair the optical 
qualities of a pane. 
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Building science 
34 
Thermal insulation 
35 
Insulating glass 
It consists of at least two separate panes kept apart by spacers fitted around the edge. 
The cavity acts as a b a r r i e r of heat e x c h a n g e between inside and outside. The sealing 
system prevents an exchange of gases between the cavity and the outside air and the 
ingress of moisture into the cavity, which may result in "fogging" of panes. 
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Inside 
Inside 
Foil 
inside 
Low-e glass 
It is an i n s u l a t i n g glass which has at least one coated s u r f a c e in the c a v i t y . It is 
irrelevant which of these surfaces is coated in the achievement of the desired U-value. 
The cavities of low-e glazing are usually filled with gas. In optical terms, glazing should be 
identical with standard insulating glass. The coatings are virtually colourless and so almost 
undetectable. 
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Solar radiation contro 
38 
External shading 
It p r e v e n t s excessive solar energy f r o m reaching the g l a s s . These include fixed or 
movable shading devices outside the glass panes, blinds and reflective foils in the cavity 
of an insulating glass unit. 
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Solar control glass 
Solar control glass can be done by c o a t i n g , b o d y - t i n t i n g or s i l k screen p r i n t i n g . In 
body-tinting, minute amounts of additives introduced into the melt gives the glass a grey, 
bronze, green or blue tint. In silk screen printing, the transmission of radiation is reduced 
by providing opaque areas. 
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Thermally toughened safety glass 
The flat glass pane is h e a t e d to its transformation point. Once 
the entire glass mass has reached this temperature, it is suddenly 
quenched in blast of cool air. As a result, the s u r f a c e s c o o l f a s t e r 
and contract quicker than the core of the glass. This creates 
additional c o m p r e s s i v e stresses in the s u r f a c e s which made the 
glass stronger. 
The surface of toughened safety glass can accommodate higher 
tensile force when loaded. However, facture can occur once the 
prestress has been exceeded. When it fractures, it breaks into 
n u m e r o u s s m a i l p i e c e s whose edges are generally blunt. 
It is classed as a s a f e t y g l a s s because of its higher ultimate 
bending strength and its fracture pattern. 
It cannot be worked any f u r t h e r , eg. drilled or ground, afterwards; 
drilling and cutting have to be done before the strengthening. 
Glass can contain inclusions invisible to both naked eye and the 
microscope. These survive the manufacturing process and can lead 
to fracture at a much later date. It would lead to sudden fracture of 
the glass. 
The thickness of the glass should be at l e a s t 6 m m depending on 
the size of the panes. 
Glass pane Heating CcK)(ing Toughened or prestressed glass 
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Laminated (safety) glass 
It is a glass unit that consists of at l e a s t t w o p a n e s and o n e 
i n t e r m e d i a t e l a y e r , whereby the panes are bonded to the 
intermediate layer in the manufacturing process. 
Laminated glass without safety features can be used for s o u n d 
i n s u l a t i o n or d e c o r a t i v e p u r p o s e s . The interlayer can be 
made from casting resins as well as other organic or inorganic 
compounds. 
The glass units shall be resistant to moisture and solar radiation, ie 
their mechanical and optical properties should not alter as a result 
of being subjected to a specific radiation or a defined moisture 
load. 
Special laminated glasses can be produced with interlayers whose 
propertie s changed upon the application of a voltage, which leads 
to transparency, trans丨ucency and opacity. 
In l a m i n a t e d s a f e t y g l a s s , the fragments are held together upon 
fracture. 
Layering 
(panes + PVB foil) Compressing Autoclaving (heat + pressure) Finished laminated 
safety glass 
43 
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Heat-strengthened glass 
The surface stress is just high enough to ensure that only r a d i a l f r a c t u r e s f r o m e d g e to 
e d g e occur upon breakage. There should be no large, independent fracture islands in the 
pane. 
The production is similar to that of thermally toughened glass, instead with a s l o w e r 
c o o l i n g p r o c e s s , and thus the compressive stresses built up are l o w e r 
It is not classified as a s a f e t y glass. 
When used in single pane, it should be f r a m e d on a l l f o u r s i d e s in order to exploit its 
special fracture characteristic. 
It c a n n o t be w o r k e d a n y f u r t h e r , eg. drilled or ground, afterwards; drilling and cutting 
have to be done before the strengthening. 
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Development of glass buildings 
46 
47 
Crystal Palace, Hyde Park, London 
I Joseph Paxton/1851 
It was the first exhibition building made of i r o n and g l a s s . By p r e f a b r i c a t i o n and 
s t a n d a r d i z a t i o n of components, it took only 9 months for the three-storey exhibition palace 
measuring 564m long and 40m high. The 270,000 glass panes were all h a n d - b l o w n 
and were each a standard 1220mm x 254mm of 2mm thick. The roof areas constructed 
according to the ridge-and-furrow principle and mounted on valley girder and purlins, were 
glazed from purpose-built glazier's cradles; 270,000 standardized glass panes could thus 
be installed in piece work. 
However, the solar radiation caused h i g h t e m p e r a t u r e i n s i d e the building and a w n i n g s 
had to be fitted as t e m p o r a r y p r o t e c t i o n f r o m the sun. 
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Fagus works, Alferd an der Leine, Germany 
/ Walter Gropius/1911 
It took a t h i n , t r a n s p a r e n t s k i n w i t h o u t l o a d i n g bearing f u n c t i o n . The corner columns 
were omitted to allow the glass walls to spread across the three storeys and join up, lending 
more lightness to the facade. "The role of the wall is now only to ward off rain, cold and 
heat" (Gropius). To satisfy the fire protection authority, metal sheets backed by bricks were 
integrated in the spandrel panels. The fagade consists of a s t e e l f r a m e made of standard 
sections suspended f r o m each f l o o r . 
However, c u r t a i n s and b l i n d s were attached to regulate the climate as there is too much 
heat gain in summer and too much heat loss in winter. 
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Exhibition pavilion at the Deutscher Werkbund 
Exhibition in Cologne I Bruno Taut 11914 
It was a work of expressionist. Glass was less significant on account of its potential to save 
energy or its optical transparency; instead, it was a symbol of " f l o w i n g , g r a c e f u l , a n g u l a r , 
s p a r k l i n g " . 
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Skyscraper project in Berlin 
I Ludwig Mies van der Roche /1921，1922 
In the skyscraper projects, a 20-storey high-rise building on a prismatic plan in 1921 and a 
30-storey high-rise building on a polygonal plan in 1922 were proposed. The idea was to 
construct the complete outer wall of a multistory office building s o l e l y f r o m glass. 
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Maison Dalsace (Maison de verre), Paris 
I Pierre Chareau / 1928-32 
As the manufacturer Saint Gobain lacked the experience of using g l a s s b r i c k s in such 
structure, it refused to be responsible for the walls built using their bricks. To reduce the 
load of the bricks, a steel s t r u c t u r e was erected and the glass b r i c k s are used as i n f i l l s . 
The glass bricks used are 4 x 6 "Nevada bricks", each 200 x 200 x 40mm. 
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Farnsworth House, Piano, Illinois 
I Ludwig Mies van der Rohe 1 1946-51 
The concept is reminiscent of the Barcelona Pavilion with its fluent room transitions. Large 
expanses of g l a s s s u p p o r t e d by s l e n d e r steel a n g l e s create the continuity of space from 
interior to exterior. It was raised clear of the ground on eight steel columns, two plates form 
the floor and the roof which define the volume. Four more columns support the terrace in 
front of the house. 
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Crown Hall, IIT, Chicago 
I Ludwig Mies van der Rohe 1 1950-56 
The glass panels of the outer wall are f i x e d between the s t e e l s u p p o r t s welded to the 
outer steel encasing of the floor and ceiling panels which are suspended from the bottom 
of the steel girders supported by steel supports on the exterior. The lower glass panels are 
sand b l a s t e d matt g l a s s panels and the upper ones are c l e a r g l a s s with Venetian blinds 
on the inside. It functions with m e c h a n i c a l v e n t i l a t i o n and air c o n d i t i o n i n g . 
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Lever Building, New York 
I Skidmore, Ownings & Merrill 11952 
The supporting framework of loadbearing rolled steel sections was concealed behind 
folded stainless steel sheet. P u t t y was still used to attach the fixed single glazing. It was a 
building sealed on all sides, with no o p e n i n g l i g h t s and only functions with m e c h a n i c a l 
v e n t i l a t i o n and a i r c o n d i t i o n i n g . The glass used was blue-green shimmering s e m i -
r e f l e c t i v e s i n g l e g l a z i n g which limited the solar radiation entering through windows. It 
was also one of the first skyscrapers to include a p e r m a n e n t r o o f - m o u n t e d c r a d l e for 
cleaning and maintaining the glass fagade. 
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In this building, i n s u l a t i n g g l a s s was used. The glass panes were also supported by a 
network of metal sections; with the relatively bulky glazing beads were painted green to 
match the softly r e f l e c t i v e panes. 
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Jespersen office block, Copenhagen 
/Arne Jacobsen/1955 
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General Motors Technical Center, Warren, Michigan I 
Eero Saarien 1 1949-56 
It was one of the first buildings with totally p r e f a b r i c a t e d curtain walls. The joints were 
sealed by s y n t h e t i c , p e r m a n e n t l y e l a s t i c rubber p r o f i l e s like those used in vehicles. 
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Pacific Design Center, Los Angeles 
I Cesar Pelli, Victor Gruen 11971-76 
The external glazing was s t r u c t u r a l s e a l a n t g l a z i n g which started to appear in the mid 
1960s in USA. It made it possible to clad roofs and walls with a u n i f o r m l y s m o o t h s k i n . 
All conceivable geometrical forms could be enclosed with regularity. The building was 
wrapped in a uniform curtain wall of shimmering blue glass. The functions were completely 
hidden from the outside. 
The convention of enclosing everything in a uniform glass skin soon became especially 
fashionable for American skyscrapers, where architects and developers tried to place an 
unmistakable mark on the skyline of the city. 
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Offices for Willis, Faber & Dumas, Ipswich 
I Norman Foster/1971-75 
Each pane on this building is c l a m p e d to its neighbour above using "patch" fittings. The 
three storey fagade h a n g f r o m t h e r o o f s l a b , stiffened against wind loads by internal glass 
fins suspended from the floor slabs and extending halfway down each storey. 
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Greenhouse at the Musee de Sciences et de I'lndustrie, 
Pare La Villettee, Paris 
/Adrien Fainselber and Rice, Francis, Ritchie 11986 
As there were no floor slabs absorb the horizontal forces of the fagade, the engineers 
developed a suspended fagade which was fixed with i n d i v i d u a l , f l u s h - f i t t i n g b l o t s 
and provided with a system of cable trusses to c a r r y the wind l o a d s . The glass acts 
s t r u c t u r a l l y because the tension cables gain their stability from being fixed to the glass 
panes. The glass panes, each 2m square and 12m thick, are suspended at the top by 
prestressed steel springs. In order to avoid stresses in the panes and to be able to calculate 
the force with greater accuracy, the individual fixings include an articulated head which lies 
exactly in the plane of glazing. 
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Roof to the courtyard of the Hamburg City History 
Museum 
I Jorg Schlaich, Volkwin Marg, van Gerkan, Marg & 
Partner/1989 
It was one of the first examples o^ g l a s s s h e l l s t r u c t u r e s developed by engineers Schlaich, 
Bergermann & Partner at the end of the 1980s. The primary grid of these structures consists 
of a square mesh of flat bars which can be moulded into virtually any shape by altering the 
90 squares of the original mesh to a rhomboid form. This permits l o a d b e a r i n g s t r u c t u r e s 
c u r v e d i n t w o p l a n e s that can follow any contour. Prestressed, continuous cables take on 
the function of diagonals to triangulate the net and hence make it stable. The square mesh 
serves to support the glazing directly. 
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Extension to Glass Museum in Kingswinford, England 
I Design Antenna, Brent G. Richards, Robert Dabell 
/1994 
It was an a l l g l a s s c o n s t r u c t i o n measuring 5.7 x 11 m in plan with an almost horizontal roof. 
It has no visible metal connectors. The columns and beams are in a three-ply l a m i n a t e d 
construction using r e s i n a d h e s i v e . The downstand beams spanning the entire width of the 
space are fixed in steel joist hangers to the existing brick wall at the rear. At the front, the 
beams are connected to the columns by means of mortise and tenon joints to form a rigid 
frame. 
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Joints of external glazings 
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Type External 
profile 
projected 
Internal 
profile 
In nl • • 
- … 1 1 ^ ― — — 1 1 二 — 一 
1 • • 
1 
lJ lU 
element 
hidden 
Load transfer 
element 
• 
• 
exposed 
outside 
Sealing 
element 
4 nos I inside & 
outside 
Relation of 
load transfer & seal 
linked and work 
together 
• _ • • I—I • ! • • 
recessed element 
hidden 
hidden 2 nos/ 
inside 
the same 
element 
• 
flat 
_ _ I .—— 
w 
element 
shown 
• 
exposed 
inside 
^ 
1 no / 
outside 
separated 
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"ransfering load 
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By contact 
The fixing for glass is done by c o m p r e s s i v e f o r c e acting p e r p e n d i c u l a r to the contact 
face, which is large enough that the stresses occurring in the zone of stress transfer 
remain sufficiently low. With glass-steel or glass-glass contacts or when movements and 
constructional or geometric imperfections have to be absorbed, an i n t e r v e n i n g e l a s t i c 
pad is necessary. 
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By friction 
The fixing for glass is done by the f r i c t i o n a l f o r c e between the contact s u r f a c e of 
g l a s s and t h e i n t e r v e n i n g c u s h i o n . The elasticity and fatigue strength of the intervening 
cushion is crucial to the quality of the joint. Intervening cushions may be made from soft 
metals (pure aluminium), fibre-reinforced plastics (sealing materials) or natural materials 
processed to a limited extent (cork, leather, cardboard). 
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By material bonding 
The fixing for glass is done by b o n d i n g the layers, eg metal and glass, glass and glass, 
together using, for example, a d h e s i v e . 
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Sealing the edge 
83 
Putty 
It is a traditional fixing using p u t t y or j o i n t i n g c e m e n t . It is achieved by contact across 
the complete putty-glass interface. The joint is relatively s t i f f and fine cracks in the putty 
will lead to a b s o r p t i o n of m o i s t u r e by capillary action, in which moisture will damage the 
strength of the glass. 
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Contact seals 
The connections involve p r e f a b r i c a t e d s e a l i n g p r o f i l e s made from permanently elastic 
materials. It permits certain movements. 
85 
Adhesive seals 
The connection is used when there is no need f o r e x t e r n a l c o n t a c t p r e s s u r e . As the 
joint is based on adhesion, it also functions under tensile loads. The seal permits certain 
movements by being compressed or stretched. 
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Overlaps 
It can only keep out non-pressurized water or slow down air movements. Large relative 
movement can be accommodated as there is no contact. This type of connection is idea! 
for p r o t e c t i o n a g a i n s t d r i v i n g r a i n in flexible structure or as a movement joint between 
segments of a building. 
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Modem glass buildings 
88 
Cartier Foundation I Jean Nouve 
Paris, France, 1994 
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Transparency I Reflections 
Three p a r a l l e l saeens of clear g l a s s are erected as the fence wall and the front and back 
facade of the building, which is being l a r g e r than the volume of the building mass. The 
structure is made as light as possible to achieve "total transparency" and "immateriality". 
T r e e s are inserted in a symmetrical system so that o v e r l a p s of real trees and virtual trees 
occur, creating an a m b i g u i t y between reality and v i r t u a l i t y . 
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site plan 1:1000 
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Location 
The site is located next to the sidewalk of the Boulevard Raspail, t r e e s at the front and rear 
of the building form a park. 
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ground floor plan 1 ;500 
98 
Three layers of glass panes 
The building is composed of three layers of glass panes, they are: the fence wall, the main 
facade，and the back facade. The main building is a volume made up of columns and slabs 
between the main facade glass pane and the back facade glass pane. 
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section across three layers of glass panes 1:500 
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main facade elevation 1:500 
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section across main building 1:500 
102 
… ^ ^ ^ � < 
back facade elevation 1:500 
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glass attachment seal 
detail 1:5 
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Details of glass panes 
The glass panes is jointed to the steel structure by the use of g l a s s a t t a c h m e n t s e a l . A flat 
surface is achieved by the use of stainless steel sheet faced frame. 
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Sendai Mediatheque I Toyo Ito 
Sendai, Japan，2001 
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Blurring architecture 
It is a public architecture housing a variety of programme. The building consists of three 
architectural elements: p l a t e s , t u b e s , s k i n . The plates and tubes act as the structure of 
the building and the skin acts as an enclosure. The architect tries to close the distance 
between architecture and urban space and make the b o u n d a r y b e t w e e n a r c h i t e c t u r e 
and the c i t y ambiguous. 
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Location 
The site is located at the corner of street, with a layer of trees in front of the site. 
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south elevation 1:500 
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facade made of double skin with metal point glazing 
south facade detail 1:20 
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facade made of louvres and floor deckings 
west facade detail 1:20 
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facade made of glass, aluminium, Profilit glass ana oinei mdim idl 
east facade detail 1:20 
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Non-transparency of glass 
The architect use glass in a non-transparent way. Lines are printed on glass panes to 
introduce non-transparent quality. The non-transparency changes as the distance 
between the viewer and the glass panes changes. The reflective quality of the glass 
facade softens the edge between the building and hillside by images of the reflected 
bamboos. 
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site plan 1:1000 
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Location 
The site is located at hillside, with low-rise buildings at the front of the site. 
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elevation 1:500 
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Galeries Lafayette I Jean Nouve 
Friedrichstrasse, Berlin, Germany, 1996 
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Distortions 
In this building, glass cones are used to define the space. The glass cones are also used for 
light penetration from the top. The images cast on the cone is distorted due to the slanting 
and curving surface of the glass. 
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South facade, Sendai Mediatheque 
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reflections of the interior 
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West facade, Sendai Mediatheque 
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climatic border 
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two layers of the west facade: first layer: continous shading device for the external circulation, second layer: climatic border of the west facade 
photos 
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North facade, Sendai Mediatheque 
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partial section 1:100 
175 
channel glass 
channel glass 
detail 1:20 
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Column facade, Sendai Mediatheque 
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viewing from different angles, different reflections appear. 
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Front facade, Cartier Foundation 
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when the glass becomes reflective 
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glass becomes transparent and acts only as physical border 
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the glass appears to be disappear and the object is clearly observed 
experiment 
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different translucency are resulted from different types of glass 
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both the light and the object behind the translucent glass fe/t/r when compared with the effect using clear glass; 
however, light can still passed through depending on the degree of translucency 
exper iment 
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printed glass 
opaque wall 
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some parts of a printed glass are transparent and some parts are opaque 
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when compared with viewing object through clear glass, printed glass only allows parts of the object to be observed; 
while the general outline is still able to be perceived 
exper iment 
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images cast on curve glass cfesforf depending on the shape of the glass 
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aa' 
the object behind the glass block is distorted and blurred by glass blocks, while light can pass through 
oberservation 
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the object behind the glass block is distorted due to the uneven inside surface of the glass block 
experiment 
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outside light level is relatively higher inside 
Relative level of light 
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outside light level is relatively lower inside 
oberservation 
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when the back is lit 
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when the front is lit 
experiment 
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under a clear sky 
Weather condition 
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under a misty sky 
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when the light intensity is high 
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when the light intensity is low 
exper iment 
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sun angle is low 
Direction of light 
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sun angle is high 
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when light comes from the front 
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when light comes from the top 
exper iment 
248 
Spacial perception 
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Reflections double space 
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perspective view: reflections of the interior double the space percetually 
observation 
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reflections doubles the space 
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Reflections of objects behind observer 
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images behind the observor is cast on the glass while the objects behind the glass is not seen 
observation 
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image of objects behind the observor is cast on glass 
exper iment 
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Reflections and transmissions 
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both images of reflections and objects behind are observed at the same time 
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the objects and images are observed at the the same time resulting in illusions 
exper iment 
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Setting up of simulation 
The simulation is done in a dark room, with the torch as the only light source (the sun). 
A long box is used to house the glass under experiment to avoid the observation being 
distrubed by the diffusion of light from the torch and to a丨low distance for observation. 
The light intensity is decreased by the addition of translucent plastic sheets in front of the 
torch. 
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Experiment 3 
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Design Project - Materiality of Glass 
270 
Synopsis 
Although glass has historically been used to express immateriality and nothingness, 
the materiality of glass has been increasingly expressed as the ambivalence between 
something and nothing. 
Glass is something when it protects and shields while at the same time glass should be 
nothing when barriers around a space are to be avoided. 
One of the many ways to express the somethingness and nothingness is the interaction 
of different glass with different lighting conditions. 
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Design effect study 
Upon the research of "Glass", the design effects of glass are as follows, 
transparency 
operation 
light 
spatial perception 
transparency 
translucency 
non-transparency 
curve 
layer 
block 
relative level of light 
weather condition 
direction of light 
reflections double space 
reflections of objects behind observer 
reflections and transmissions 
transparency deals with the texture and transparencies of glass 
operation deals with the use of glass 
light deals with the site and context of glass 
spatial perception deals with the effects of glass on space 
(for details, please refers to the chapter of "Design effect study" o^ the research "Glass") 
therefore, light plays an important role in the site selection. 
274 
Site selection 
275 
Proposed site 01 
276 
0 
一 ^ 、 
Site characteristics 
-present condition : sitting out area 
-located at the end of block, open on 3 sides 
-south light received 
-high rise building on the north 
-low rise building on the south 
-major programme of the area: residential use 
-appro area: 448 sq.m (14m x 32m) 
278 
proposed site 
279 
proposed site 
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proposed site 
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proposed site 
282 
m. 灣 1 
Proposed site 02 
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Site characteristics 
-present condition : vacant 
-located at the middle of block, open on 2 sides 
-light received mainly from top 
-high rise building around 
-major programme of the area: commercial residential mixed use 
-appro area : 294 sq.m {10.5m x 28m) 
285 
proposed site proposed site 
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287 
D roposed site 03 
288 
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Site characteristics 
-present condition : sitting out area 
-located at the corner of block, open on 2 sides 
-south light blocked 
-mid to high rise building around 
-major programme of the area: residential use 
-appro area : 252 sq.m (12m x 21m) 
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proposed site 
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Selection of site 
Proposed site 02 is selected to be the site of the design project of the research "Glass". 
The reasons are as follows, 
- a s the site is surrounded by buildings of 6-7 storeys high, the glare of sunlight is 
reduced. Thus, it provides more opportunities of different lighting conditions as the site 
will be shaded from sunlight in some periods of time while it can still be shined at some 
other times when the sun is high. 
- i t is a vacant site. Therefore, the choices and possibilities of programme are less 
limited 
296 
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Section A A ' 1:1000 
301 
02 
Section AA' 1:1000 
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304 
Section AA' 1:1000 
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site directions of movements 
306 
site directions of light 
307 
Design concep 
308 
09 
Concept 
Since the site is an infill site, relatively dark at the bottom of the site. The concept of the 
design is, in day time when sunlight is present, to present the effects of glass by making 
use of this lighting condition of graduation of darkness to lightness from bottom to 
the top; and, in night time when the surrounding is dark, to light up the street as a box of 
light 
310 
D rogramme 
311 
Showroom of electronics products 
The programme of the design is a showroom for Sony Corporation of Hong Kong Ltd. 
which sells a variety of products like television, LCD monitors, computer notebooks, digital 
cameras. 
The building will be used as a place of promoting its products; thus, promotion of new items 
and related seminars will also be held in the building. 
312 
Space requirement 
entrance ~ 40 sq. ,m 
customer services ~ 40 sq. ,m 
showroom - 4 0 0 sq, ,m 
multi-function area ~ 100 sq. ,m 
office ~ 100 sq. ,m 
store room 〜 6 0 sq. ,m 
cafe ~ 40 sq. ,m 
313 
D rogramme study 
314 
Circulation and Activities study 
315 
Potential activities of visitors 
As a customer who drop in: 
>Entry 
>Promotion 
>Showroom (sequence according to the layout of circulation) 
>Customer service (information) 
>Cashier ( i f he want to buy something now) 
>Exit 
As a customer who want to buy something: 
>Entry 
>Customer service (information) 
>Specified showroom 
>Cashier 
>{other showroom / promotion) 
>Exit 
316 
As a customer who come for a lecture: 
>Entry 
>(other showroom I promotion) 
>Lecture room 
>(other showroom / promotion) 
>(cashier if he want to buy something) 
>Exit 
As a customer who want to have maintenance service: 
>Entry 
>Gustomer service (maintenance) 
>Queuing / waiting 
>(other showroom / promotion) 
>Exit 
317 
Potential activities of staffs 
As a staff working in office: 
>Entry 
>〇ffice 
>Staff common room 
>Meeting room 
>〇ffice 
>Exit 
As a staff at showroom: 
>Entry 
>Office / Staff common room 
>Customer service (information) 
>Staff common room 
>Exit 
318 
As a staff at customer service (information): 
>Entry 
>〇ffice I Staff common room 
>Customer service (information) 
>Staff common room 
>Exit 
As a staff working at cashier: 
>Entry 
>〇ffice I Staff common room 
>Cashier 
>Storeroom for new goods selling to customers 
>Staff common room 
>Exit 
As a staff at customer service (maintenance): 
>Entry 
>〇ffice / Staff common room 
>Gustomer service (maintenance) 
>Storeroom for storage of repaired goods 
>Staff common room 
>Exit 
319 
main tenance and in format ion 
；customer serv ices 
publ ic sem ina rs re lated to products 
；mult i - funct ion area 
serv ing cus tomers 
of f ice, mee t ing room, staf f rest ing r o o m 
rece iv ing c u s t o m e r s 
: e n t r a n c e 
s torage of p roduc ts 
: s t o r e r o o m 
d isp lay / demos of p roducts 
; s h o w r o o m 
p romot ion of new products 
;mu l t i - f unc t i on a rea 
pu rchas ing of p roduc ts 
；service counter 
Relations of different spaces 
320 
Space requirement study 
321 
max and min viewing distance 
S p a c e r e q u i r e m e n t of s o m e v i s u a l p r o d u c t s 
322 
m 
V: 
product 
TV 
994 X 650 > 675mm 
LCD TV 
1052 635x229 mm 
Plasma 
1246 x755 x 100mm 
Plasma TV 
1135x517 X 110mm 
Piasrna TV 
1759 x937 x 110mm 
m^K and min hoigtU o丨 product 
for a sitting observer 
ifTiA 
1 s 
If 
/严 
max and mm height of product 
for a standing observer 
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Method of display study 
323 
Method of display displayed individually displayed horizontally displayed horizontally displayed vertically 
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Spatial study 
325 
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i 
326 
Introduction 
Owning to the different requirements of viewing distances of different products, different 
floor heights are resulted for different spaces in the programme. It is proposed to have two 
types of floor heights: a 5 - 6 m floor to floor height for showrooms and a 3 m floor to floor 
height for other activities. 
According to the site study, there are 3 directions of movements and 3 directions of light in 
the site; with the major direction of movement crossing the block of buildings and the 
major direction of light vertical to the site from the top. The design scheme is initiated by 
exploring the organization of spaces of different heights of the site section CC" (please refer 
to the chapter "site study" for details). 
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some spatial studies using models and section diagrams 
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Developments from programme study 
336 
337 
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With further developments from the organization of spaces of the programme, organization 
is simplified and resulted in 3 L-shaped modules in different orientation. 
Uses of different materials of different opacities on different surfaces are tested on the 
modules. 
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Combinations of modules of different materials 
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Design scheme 
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Developments and design study 
353 
Developments 
Based on the design scheme developed from 3 modules, further considerations of the use 
of glass and the penetration of light from the top is inputted to further develop the design. 
354 
Use of non vertical glass on the facade to create different reflections 
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opening in the vertical direction to allow light to enter from the top 
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Spatial organization developments 
The major developments of the spatial organizations can be diagramed as follows, 
362 
Spaces are formed 
by stacking up 3 L-
shaped modules in 
different orientation. 
It results in different 
voids of different 
height. 
Over the tube formed 
by the 3 modules, 
an additional layer is 
covered over the 3 
modules as an overall 
envelop and as an 
climatic border. 
A void is punched 
though the 3 modules 
to bring light down 
to the bottom of the 
site, it resulted in 6 
separated volumes: 3 
tubes and 3 boxes. 
To differentiate the 
2 types of volumes, 
the boxes are made 
into glass boxes and 
the tubes are made 
into solid tube with a 
emphasis of the long 
directions by opening 
at the two ends. 
One of the tubes is 
extended to further 
define the voids. 
Side light is introduced 
to articulate the 
direction of tne alley in 
the middle of the site, 
which is one of the 
light sources. 
The sizes and 
structures of the boxes 
are further developed 
to differentiate the 3 
boxes. The top and 
the bottom ones are 
sitting on the tubes 
and ground while the 
middle box is to be 
hanged. 
Light enter the bottom 
box from the side, the 
middle one from the 
bottom and the top 
one from the top. 
363 
study of glass types to be used 
Upon the assignment of the use of glass, the types of glasses to be used is studied by used 
of models so as to demonstrate the effects of different combinations of glass. 
364 
the study of inner surface of top and bottom of the box 
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study of glass box when it lights up 
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Different roles of the 3 types of space 
385 
Space type 
There are 3 types 
building; the box. the lube and the void. 
These space types are then assigned 
with different types of function: the 
boxes as showrooms, the tube as 
office related functions and the void as 
multifunction areas for both parte. 
Circulation 
The circulations of the 3 types of spaces 
are different Visitors snter ihe building 
and ses the first box, vvhen they leaves, 
they see the second; then they travel 
through the void and enters the middle 
box. As they leave the middle box, they 
see another brighter top box; and they 
travel again Ihrough Ihe void and enter 
For the tubes and voids, they are 
conneded with spirally according to the 
orientation. 
Structure 
The roles of the tubes and the boxes 
in terms cf structure are also different. 
The tubes aro spanning across \he Iwo 
shear walls, supporting themselves 
and also acting as 3 bracing iiks a 
bo^ section. Fen 丨he boxes, they have 
their own structures and the loads are 
transierred to the tubes. The middle 
t)£K is being [lang from the tube so as 
to alow lioht to enter from the bottom. 
386 
Types of glass used 
387 
Middle box: as non transparent glass is used on the first layer (the facade) of tho box, 
fraos/ucent charme/ glasses are used to achieve a more even lighting condition inside 
the box tor the viewing of products. Translucent glass is used because it does nof allow 
a clear Wevv to the street so that visitors are not distracted from the products whilo tho 
movements and s/iadoivs of the visiter and the products can be cast on the glass wall so 
as to draw the attention of the people cutside. Channel glass is used instead of plain glass 
because it provides an oppofiunity to hide the hanging structure of the box. 
Tubes: deargtass is used in tha tubes. With relorence 
to the chapter "Design effects of glass"' in the research 
"Glass", the re/aftVe lighting levels on the two sides 
of gias3 plays an 丨mpodani [ois in tho exf}ression of 
J reflecting or transparent surface. As the 
1 iength, the lighting condition 
inside the tubes are more or less even, the use of 
clear giass which set back from the tagade�inside 
the tubes, provides an opportunity to express the 
immateriality and nothingness of glass 
Front l39ade: printed g/ass is Uoed owning to Ihe 
partial transparency quality, which indicates 
presence of glass even under lighting condition which 
makes the glass transparent while allows the vi3ito[-s in 
the void to have views outside the street. 
Top box: as it is tho end of the journey through the boxes, it is the brightest. 
Light comes from the top diffused by the translucent glass on the ceiling A less 
densely printed glass is used to allow more lighting to enter. 
frans/ucenr glass is used in the back facade. 
It makes the lop and bottom part of the back facade almost 
homogeneous when light shines on outside surface of 
However, when the boxes are lighted up and light 
I the inner surfaces of the translucent fagade, the 
difference of the top box and the bottom box are revealed. 
<i glass on the inner surface is used as it 
still refiects on the smooth outside surface which raise the 
awareness of a giass surfacc. 
Bottom box: in order to create a graduation of darkness to lightness in the 
expGfionc-f) of the visitors, the bottom box is dt)signod io be the Thorsforo. 
Ihe densely printed glass pane is used on the side facing the street so as to lcwe「 
the light entenng the bcw. On the other hand a less densely printed glass is used 
on the other side so that visitors outside the box can view whal is happening inside 
388 
Possible types of glass 
389 
Channel shaped glass Acid etching Sand blasting 
390 
Outside 
Foil 
outside 
Outside 
Inside 
Inside 
Foil 
inside 
Insulating glass Low-e glass 
391 
Possible connections of glass 
392 
m 
m 
Connections 
For the facade, joints which have the seals and structure hidden 
behind the glass is preferable. 
393 
Sealing 
Joints between glass panes can be sealed by using adhesive 
selas. 
394 
Views of the building 
395 
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From bottom box viewing middle box 
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From void under middle box viewing void on bottom box 
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From void on bottom box viewing middle box 
398 
From top box viewing the void on middle box 
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Front facade in glare 
400 
Front facade in average sunlight 
401 
Front facade in darknesst 
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effects at different lighting conditions 
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